





















WHVWV HJ /HLWHU- DQG5DYHQ¶V 6WDQGDUG3URJUHVVLYH0DWULFHV DUH QRW UHFRPPHQGHG GXH WR VLJQLILFDQW
LVVXHV UHODWHG WR DSSOLFDELOLW\ 7KHVH UHVXOWV PD\ KHOS FOLQLFLDQV DQG UHVHDUFKHUV ZRUNLQJ ZLWK WKLV
SRSXODWLRQWRVHOHFWHYDOXDWLRQVDQGWHVWVDSSOLFDEOHLQWKLVSRSXODWLRQ 
.H\ZRUGV $XWRVRPDO 5HFHVVLYH 6SDVWLF $WD[LD RI &KDUOHYRL[-6DJXHQD\ PHWURORJLFDO SURSHUWLHV WHVW
DGPLQLVWUDWLRQFRJQLWLRQSHUVRQDOLW\ 
/¶DWD[LH UpFHVVLYH VSDVWLTXH DXWRVRPLTXH GH &KDUOHYRL[-6DJXHQD\ $56$&6 HVW XQH PDODGLH
QHXURGpJpQpUDWLYHVSLQRFpUpEHOOHXVHLPSOLTXDQWGHVDWWHLQWHVS\UDPLGDOHVFpUpEHOOHXVHVHWQHXURSDWKLTXHV
HW GH SRVVLEOHV GpILFLWV GDQV FHUWDLQHV IRQFWLRQV FRJQLWLYHV FRPPH OH ODQJDJH /D VpOHFWLRQ GHV WHVWV
SV\FKRPpWULTXHV DSSURSULpV LPSOLTXH FHUWDLQHV SUpFDXWLRQV OLpHV j OD SUpVHQFH G¶LQFRRUGLQDWLRQ GHV
PHPEUHV VXSpULHXUVHWGHG\VDUWKULH/¶REMHFWLIGHFHWWHpWXGHFRQVLVWHjGRFXPHQWHU O¶DSSOLFDELOLWpGH
WHVWV QHXURSV\FKRORJLTXHV HWGH WHVWV SV\FKRORJLTXHV FKH] LQGLYLGXV DWWHLQWVG¶$56$&6 - DQV
/HVWHVWVRQWpWppYDOXpVHQIRQFWLRQGHFULWqUHVG¶DSSOLFDELOLWpHQXWLOLVDQWXQHpFKHOOHjQLYHDX[ $SRXU
H[FHOOHQW%SRXUDFFHSWDEOH&SRXUUHFRQVLGpUHU/DSOXSDUWGHVWHVWVRQWSRVpSHXRXSDVGHOLPLWHVOLpHVj






$XWRVRPDO 5HFHVVLYH 6SDVWLF $WD[LD RI
&KDUOHYRL[-6DJXHQD\ $56$&6 LV D UDUH
QHXURPXVFXODU JHQHWLF GLVHDVH ZLWK WKH KLJKHVW
SUHYDOHQFH LQ WKH SURYLQFH RI 4XHEHF &DQDGD
)ROORZLQJ WKH UHFHQW GHVFULSWLRQ RI PRUH WKDQ 
NQRZQ PXWDWLRQV ZRUOGZLGH LW LV QRZ GHVFULEHG DV
RQH RI WKH PRVW FRPPRQ IRUPV RI UHFHVVLYH VSDVWLF
DWD[LD 6\QRI]LN HW DO  7KLIIDXOW HW DO 
$SSUR[LPDWHO\  RI WKH DIIHFWHG LQGLYLGXDOV IURP
4XHEHF DUH KRPR]\JRXV IRU RQH RI WKH WZR IRXQGHU
YDULDQWV RI WKH PXWDWLRQ LH FGHO7 9HUPHHU
9DQ GH :DUUHQEXUJ 	 .DPVWHHJ  ,W LV D
GHJHQHUDWLYH VSLQRFHUHEHOODU GLVHDVH ZLWK D VORZ
SURJUHVVLRQ 7KH ILUVW V\PSWRPV DUH QRWLFHG DW
ZDONLQJRQVHW IDPLO\PHPEHUV UHSRUW SUREOHPVZLWK
EDODQFH DQG IUHTXHQW IDOOV %RXFKDUG %DUEHDX
%RXFKDUG	%RXFKDUG%RXFKDUGHWDO
7KH HYROXWLRQ RI WKH GLVHDVH LV REYLRXV LQ WKH ODWH
WHHQV DQG HDUO\ WZHQWLHV ,W LV FKDUDFWHUL]HG E\
7KLVUHVHDUFKZDVVXSSRUWHGE\WKH*URXSHGHUHFKHUFKHLQWHUGLV
FLSOLQDLUH VXU OHVPDODGLHV QHXURPXVFXODLUHV *5,01 DIILOLDWHG
WR WKH &,8666 GX 6DJXHQD\-/DF-6DLQW--HDQ )LQDQFLDO VXSSRUW





















0D\D\R-6LQXpV %HQDYHQWH 0RGUHJR 	 %HUFLDQR
 9HUPHHU 9DQ GH :DUUHQEXUJ 	 .DPVWHHJ
 %HVLGHV WKDW FHUHEUDO LPDJHU\ VKRZV DWURSK\
RI WKH VXSHULRU FHUHEHOODU YHUPLV %RXFKDUG HW DO
 %RXFKDUG HW DO  0LJQDUUL HW DO 
3LOOLRG HW DO  DQG FHUHEHOODU KHPLVSKHUHV
0DUWLQ %RXFKDUG 6\OYDLQ 6W-2QJH 	 7UXFKRQ
 3LOOLRG HW DO  9HUPHHU HW DO  $
WKLFNHQLQJRILQIHULRUFHUHEHOODUYHUPLVLVDOVRQRWLFHG
DV ZHOO DV D SURJUHVVLYH FRUWLFR-FHUHEHOODU DWURSK\
%RXFKDUG HW DO  *HQHUDOO\ FHUHEHOODU
LQIULQJHPHQWV DUH NQRZQ WR FDXVH SHUWXUEDWLRQV RI
VHQVRU\-PRWRUIXQFWLRQV5DH-*UDQW	3DUVRQV
EXW LQFUHDVLQJHYLGHQFHVVXJJHVW WKH\PD\FRQWULEXWH
WR FRJQLWLYH IXQFWLRQ GHILFLWV LQ WDVNV ZKHUH PRWRU
VNLOOV DUH QRW LQYROYHG )DQFHOOX HW DO  3LQHO
 6FKPDKPDQQ  +RZHYHU LQ RUGHU WR
HQVXUH YDOLGLW\ RI PHDVXUHPHQW VHOHFWLRQ RI
SV\FKRPHWULF WHVWV IRU QHXURSV\FKRORJLFDO DQG
SV\FKRORJLFDO HYDOXDWLRQ ZLWK WKLV SRSXODWLRQ VKRXOG
EH GRQH ZLWK SDUWLFXODU DWWHQWLRQ WR XSSHU OLPEV





LQYHVWLJDWHG FRJQLWLYH IXQFWLRQLQJ LQ $56$&6
%RXFKDUG HW DO  ZHUH WKH ILUVWV WR JDWKHU
LQIRUPDWLRQRQ LQWHOOHFWXDO IXQFWLRQLQJ LQ DGXOWVZLWK
$56$&6 0RUH WKDQ  \HDUV ODWHU VWXGLHV ZHUH
FRQGXFWHG ZLWK FKLOGUHQ DQG DGROHVFHQWV WR H[SORUH
VSHFLILF FRJQLWLYH GRPDLQV VXFK DV YLVXRSHUFHSWLYH
IXQFWLRQV SODQLILFDWLRQ DELOLWLHV DQG YLVXDO DWWHQWLRQ
'UROHW  /pYHVTXH  ,Q WKLV UHJDUG WKHVH
DXWKRUV VXJJHVWHG SUHVHUYDWLRQ RI WKH ILUVW WZR
IXQFWLRQV EXW VLJQLILFDQW GLIILFXOWLHV ZLWK YLVXDO
DWWHQWLRQ 'UROHW  DOVR GLVFXVVHV LQGLFDWRUV RI
GHFUHDVHG SURFHVVLQJ VSHHG DQG GHILFLWV ZLWK YLVXDO
VHTXHQWLDOPHPRU\DQGDXGLWLYR-YHUEDOOHDUQLQJ0RUH
UHFHQWO\ WKUHH FROODERUDWLYH PXOWLSOH FDVH VWXGLHV
%RLYLQ-0HUFLHU QG %RXFKHU  'HVPHXOHV
 ZHUH FRQGXFWHG ZLWK HLJKW $56$&6 SDWLHQWV
DJHGEHWZHHQDQG\HDUV7KHVHVWXGLHVDLPHGWR
H[SORUH $56$&6 FRJQLWLYH DQG SHUVRQDOLW\ SURILOHV
&RQFHUQLQJ WKH FRJQLWLYH SURILOH %RLYLQ-0HUFLHU
QGHYDOXDWHGIRXUSDUWLFLSDQWVDJHGEHWZHHQDQG
 \HDUV 5HVXOWV IURP WKLV SDUW RI WKH FROODERUDWLYH





UHDVRQLQJ )RU RWKHU FRJQLWLYH IXQFWLRQV LQYHVWLJDWHG
WKH DXWKRU UHSRUWHG LQFRQVLVWHQW UHVXOWV EHWZHHQ
SDUWLFLSDQWV )RU LQVWDQFH SHUIRUPDQFHV RQ ZRUNLQJ
PHPRU\ WDVNV GLYHUJHG VLJQLILFDQWO\ GHSHQGLQJ RQ
VHQVRU\ PRGDOLW\ ,QGHHG QRUPDWLYH UHVXOWV ZHUH
QRWHGLQYLVXDOPRGDOLW\EXWGHILFLWVZHUHREVHUYHGLQ
DXGLWRU\PRGDOLW\5HJDUGLQJSHUVRQDOLW\WKHUHVHHPV
WR KDYH QR KRPRJHQHRXV SURILOH DPRQJ WKH HLJKW
SDUWLFLSDQWV 'HVPHXOHV  +RZHYHU UHVXOWV
UHYHDOHG D WHQGHQF\ UHJDUGLQJ WKH RSHQQHVV WUDLW
DFFRUGLQJ WR WKH )LYH-)DFWRU 0RGHO RI 3HUVRQDOLW\
&RVWD	:LGLJHU7KHDXWKRUVREVHUYHGDORZ
RSHQQHVV XVXDOO\ UHIOHFWLQJ D ULJLGLW\ RI WKLQNLQJ D
ORZRSHQQHVV WRQHZRUGLIIHUHQWYDOXHV DQG LGHDVD
GLIILFXOW\LQUHFRJQL]LQJWKHHPRWLRQVRIRWKHUVDQGD
WHQGHQF\WRSUDJPDWLVP 
7KHVH H[SORUDWRU\ VWXGLHV RQ FRJQLWLYH DQG
SHUVRQDOLW\SURILOHLQ$56$&6WKXVJDYHSUHOLPLQDU\
LQVLJKWVRQWKLVPDWWHU(YHQLIYDOLGLW\DQGILGHOLW\RI
SV\FKRPHWULF WHVWV XVHG LQ WKHVH VWXGLHV KDYH EHHQ
GHPRQVWUDWHG SUDFWLFDO FRQVLGHUDWLRQV PXVW EH
DGGUHVVHG WR HQVXUH IHDVLELOLW\ RI WKHLU XVH LQ IXWXUH
FOLQLFDO DQG UHVHDUFK FRQWH[WV HJ DGPLQLVWUDWLRQ
WLPH XWLOLW\ RI FOLQLFDO LQIRUPDWLRQ JDWKHUHG
DGDSWDWLRQ WR $56$&6 SDWLHQW¶V FKDUDFWHULVWLF
%HIRUH JRLQJ LQWR ODUJHU VWXGLHV WR GHVFULEH FHQWUDO
QHUYRXV LQYROYHPHQW D FDUHIXO VHOHFWLRQ RI
QHXURSV\FKRORJLFDO WHVWV LV QHFHVVDU\ DV WKH\ UHTXLUH
PRWRURUYHUEDO UHVSRQVHV 6HURQ	9DQGHU/LQGHQ
 WKDW PD\ EH LQIOXHQFHG E\ WKH SUHVHQFH RI
LQFRRUGLQDWLRQDQGG\VDUWKULD ,W LVFULWLFDO LQRUGHU WR
PLQLPL]HLQWHUSUHWDWLYHELDVDQGRSWLPL]HUHOLDELOLW\RI
WKH PHDVXUH :KHQ VHOHFWLQJ SV\FKRORJLFDO DQG
QHXURSV\FKRORJLFDO SV\FKRPHWULF WHVWV PRVW DGDSWHG
WRHYDOXDWLRQQHHGVDQGSDWLHQWV¶IHDWXUHVUHVHDUFKHUV¶
DQGFOLQLFLDQV¶H[SHUWLVHZLWK$56$&6SDWLHQWVLVDQ
LPSRUWDQW VRXUFH RI LQIRUPDWLRQ +RZHYHU DQ
REMHFWLYH HYDOXDWLRQ JXLGHG E\ VSHFLILF HPSLULFDO
DSSOLFDELOLW\FULWHULDZRXOGDOORZWKHHVWDEOLVKPHQWRI
VHOHFWLRQ LQGLFDWRUV IRU SV\FKRPHWULF WHVWV XVHG ZLWK
$56$&6SDWLHQWV 
$SSOLFDELOLW\RI0HDVXUHPHQW7RROV 
7KH SUDJPDWLF DQG SV\FKRPHWULF SURSHUWLHV PXVW
EHFRQVLGHUHGLQWKHVHOHFWLRQRIWKHPRVWDSSURSULDWH
PHDVXUHPHQW WRROV LQ D JLYHQ FRQWH[W $QGUHVHQ
$XJHU HW DO %H\RQG WKH LPSRUWDQFH RI
YHULI\LQJ WKHLU YDOLGLW\:DGH  LQVLVWV RQ WKHLU
SUDFWLFDO DVSHFWV HJ WLPH WDNHQ QHHG IRU WUDLQLQJ
DFFHSWDELOLW\ WR SDWLHQWV ,Q D OLWHUDWXUH VHDUFK RQ
RSHUDWLRQDO FULWHULD XVHG IRU WKLV SXUSRVH $XJHU
'HPHUV DQG 6ZDLQH  SURSRVHG WKH WHUP
³DSSOLFDELOLW\´ WR HQJOREH D SDQHO RI SUDJPDWLF
TXDOLWLHVVXFKDVFOLQLFDOXWLOLW\VHQVLELOLW\IHDVLELOLW\
DFFHSWDELOLW\DQGSUDFWLFDELOLW\ ,Q$XJHUHWDO





UHKDELOLWDWLRQ RXWFRPHV 6HHGDW -DPHV DQG 5RVH
 DOVR H[SORLWHG WKLVPRGHO WR HYDOXDWH  WHVWV
LQWHQGHG IRU SRSXODWLRQV ZLWK PXVFOH GLVHDVHV 7KH
PRGHO SURSRVHV IRXU PDMRU FULWHULD FRPSULVLQJ VXE-
FULWHULDWRHYDOXDWHWKHDSSOLFDELOLW\RIDPHDVXUHPHQW
WRRO FI $SSHQGL[ $ 5HVSRQGHQW EXUGHQ
FRUUHVSRQGV WR LQYDVLYHQHVV SK\VLFDO RU HPRWLRQDO
JOREDO HIIRUW UHTXLUHG VHFXULW\ UHIXVDO DQG
DFFHSWDELOLW\ IURP WKH UHVSRQGHQW¶V SRLQW RI YLHZ
([DPLQHU EXUGHQ FRPSULVHV GLIIHUHQW FRPSRQHQWV
DGPLQLVWUDWLRQ WLPH QHHG IRU WUDLQLQJ VLPSOLFLW\ RI
DGPLQLVWUDWLRQVFRULQJDQGLQWHUSUHWDWLRQDYDLODELOLW\
HWFWREHFRQVLGHUHGDVTXDOLWLHVRUOLPLWDWLRQVLQWKH
DSSOLFDWLRQ RI WKH PHDVXUHPHQW WRRO 6FRUH
GLVWULEXWLRQ UHIHUV WR KRZ DSSURSULDWH LV D VFDOH WR
UHSUHVHQW WKH GLYHUVLW\ RI EHKDYLRXUV RSLQLRQV RU
SHUIRUPDQFHOHYHOVLQDVDPSOHLHQRUPDOFXUYHDQG
IORRUFHLOLQJ HIIHFW )LQDOO\ IRUPDW FRPSDWLELOLW\ LV
GHILQHG E\ WKH FRQVLVWHQF\ EHWZHHQ SRSXODWLRQ
VSHFLILFFKDUDFWHULVWLFVDQGDVVHVVPHQWIRUPDWLQRUGHU
WR DYRLG DJH JHQGHU FXOWXUDO RU GLVDELOLW\ ELDVHV
$QGUHVHQ  7KH SUHVHQW VWXG\ SURSRVHV WKLV
FRQFHSWXDO IUDPHZRUN WR HYDOXDWH DSSOLFDELOLW\ RI
SV\FKRPHWULF WHVWV XVHG ZLWK $56$&6 SDWLHQWV
$GGHG WR YDOLGLW\ DQG ILGHOLW\ GDWD RQ SV\FKRPHWULF
WHVWV DSSOLFDELOLW\ ZLOO LQFUHDVH FOLQLFLDQV¶ DQG
UHVHDUFKHUV¶FRQILGHQFH LQFKRRVLQJ WKHPRVWVXLWDEOH
QHXURSV\FKRORJLFDO DQG SHUVRQDOLW\ WHVWV ZLWK WKLV
SRSXODWLRQ 
2EMHFWLYHV 
7KH SUHVHQW VWXG\ LV FORVHO\ DWWDFKHG WR WKH
H[SORUDWRU\ PXOWLSOH FDVH VWXGLHV RQ FRJQLWLYH DQG
SHUVRQDOLW\ SURILOHV LQ LQGLYLGXDOV ZLWK $56$&6
%RLYLQ-0HUFLHU QG %RXFKHU  'HVPHXOHV
,QWKHVHVWXGLHVDZLGHYDULHW\RISV\FKRPHWULF
LQVWUXPHQWVKDYHEHHQXVHGWRSURYLGHDILUVWH[WHQVLYH
SLFWXUH RI FRJQLWLYH DQG SHUVRQDOLW\ IHDWXUHV LQ
LQGLYLGXDOV ZLWK WKH GLVHDVH 7KH REMHFWLYH RI WKLV
SDSHU LV WR GRFXPHQW WKH DSSOLFDELOLW\ RI WKH
LQVWUXPHQWV XVHG LQ WKH FRQWH[W RI WKHVH H[SORUDWRU\
PXOWLSOHFDVHVWXGLHVZLWKWKLVVSHFLILFSRSXODWLRQIRU
FOLQLFDODQGUHVHDUFKSXUSRVHV7RRXUNQRZOHGJHWKH
SUHVHQW VWXG\ LV WKH ILUVW WR DVVHVV DSSOLFDELOLW\ RI
QHXURSV\FKRORJLFDODQGSHUVRQDOLW\ WHVWV LQDVSHFLILF
SRSXODWLRQ 7KLV ZLOO IDFLOLWDWH WKH VHOHFWLRQ E\ WKH




(LJKW SDWLHQWV ZLWK $56$&6 ZHUH VHOHFWHG IURP
WKUHH RQJRLQJ FROODERUDWLYH VWXGLHV %RLYLQ-0HUFLHU
QG%RXFKHU 'HVPHXOHV  WKDW UHFUXLWHG
WZHQW\SDWLHQWVDPRQJDODUJHUVXEVHWRISHRSOHOLVWHG
DW WKH 1HXURPXVFXODU &OLQLF RI WKH &HQWUH ,QWpJUp
8QLYHUVLWDLUH GH 6DQWp HW GH 6HUYLFHV 6RFLDX[
&,8666 GX 6DJXHQD\-/DF-6DLQW--HDQ 4XHEHF
&DQDGD 7KH UHFUXLWPHQW ZDV GRQH DFFRUGLQJ WR D
VWUDWLILHG VDPSOH E\ DJH DQG JHQGHU WR JHW D PRUH












7HVWV DVVHVVHG LQ WKH SUHVHQW VWXG\ FRPH IURP WZR
VRXUFHV )LUVW DV SUHVHQWHG LQ 7DEOH  VSHFLILF
VXEWHVWV LQFOXGHG LQ IRXUSV\FKRPHWULFEDWWHULHVZHUH
VHOHFWHGDQGDGPLQLVWHUHGWRSDUWLFLSDQWV)RULQVWDQFH
 RI WKH  :HFKVOHU $GXOW ,QWHOOLJHQFH 6FDOH –
)RXUWK (GLWLRQ :$,6-,9 RQH RI WKH IRXU EDWWHULHV
VXEWHVWV ZHUH LQLWLDOO\ VHOHFWHG LQ WKH H[SORUDWRU\





&RQVHTXHQWO\ D WRWDO RI  SV\FKRPHWULF WHVWV ZHUH
DGPLQLVWHUHGWRWKHSDUWLFLSDQWVGXULQJWKHVXPPHURI
E\DGRFWRUDOVWXGHQWLQFOLQLFDOQHXURSV\FKRORJ\
ZKR ZDV SUHYLRXVO\ WUDLQHG WR WKHLU XVH *OREDOO\
RULJLQDO DGPLQLVWUDWLRQ LQVWUXFWLRQV ZHUH IROORZHG
+RZHYHU VRPH VSHFLILF WHVWV UHTXLUHG DGDSWDWLRQV
IURP WKH H[DPLQHU HVSHFLDOO\ FRQFHUQLQJ WKH
QRQYHUEDOPHDVXUHV HJ/HLWHU-RU WKHSHUVRQDOLW\
WHVWV ZKHUH LQVWUXFWLRQV ZHUH UHDG WR VRPH
SDUWLFLSDQWV 'HYLDWLRQV WR RULJLQDO LQVWUXFWLRQV ZHUH
FRQVLGHUHG LQ DSSOLFDELOLW\ DQDO\VLV $OO SDUWLFLSDQWV
ZHUH DVVHVVHG DW WKH 1HXURPXVFXODU &OLQLF
&RQVLGHULQJ WKH QXPEHU RI WHVWV WR EH DGPLQLVWHUHG
WKHHYDOXDWLRQZDVVSUHDGRYHUWKUHHRUIRXUKDOI-GD\V
JHQHUDOO\ RYHU WKUHHZHHNV7KHDGPLQLVWUDWLRQ RUGHU





:HFKVOHU $GXOW ,QWHOOLJHQFH 6FDOH–)RXUWK
HGLWLRQ :$,6-,9 7KH :$,6-,9 3V\FKRORJLFDO
&RUSRUDWLRQ  PHDVXUHV JHQHUDO LQWHOOLJHQFH
WKURXJK WKHDGPLQLVWUDWLRQRIQXPHURXVVXEWHVWV7HQ
RXW RI ILIWHHQ VXEWHVWV ZHUH XVHG LQ WKH SUHVHQW




5HDVRQLQJ $ULWKPHWLF 6\PERO 6HDUFK 9LVXDO
3X]]OHV &RGLQJ )LJXUH :HLJKWV &DQFHOODWLRQ DQG
3LFWXUH &RPSOHWLRQ WR JDWKHU DQ RYHUYLHZ RI
LQWHOOHFWXDO IXQFWLRQLQJDFFRUGLQJ WR WKUHHRI WKH IRXU
VSHFLILF FRJQLWLYH GRPDLQV 3HUFHSWXDO 5HDVRQLQJ
,QGH[35,:RUNLQJ0HPRU\,QGH[DQG3URFHVVLQJ
6SHHG ,QGH[ 36, :HLVV 6DNORIVNH &RDOVRQ 	
5DLIRUG 
1HXURSV\FKRORJLFDO$VVHVVPHQW%DWWHU\ 1$%
7KH 1$% LV D EDWWHU\ RI QHXURSV\FKRORJLFDO WHVWV
GHYHORSHG IRU WKH DVVHVVPHQW RI D ZLGH DUUD\ RI
FRJQLWLYH VNLOOV DQG FRJQLWLYH IXQFWLRQV LQ DGXOWV
:KLWH 	 6WHUQ  6L[ VXEWHVWV RI WKH 1$%





.RFK  SURYLGHV D QRQYHUEDO PHDVXUH RI
LQWHOOHFWXDO IXQFWLRQLQJ ,W PHDVXUHV WKH FRJQLWLYH
DWWHQWLRQDO DQG QHXURSV\FKRORJLFDO DELOLWLHV WKURXJK
WKH H[FOXVLYH XVH RI QRQYHUEDO PHDQV RI
FRPPXQLFDWLRQ 7KH LQVWUXFWLRQV DUH GHOLYHUHG XVLQJ
JHVWXUHVDQGSDQWRPLPH7KHEDWWHU\ZDVVSHFLILFDOO\
GHYHORSHG IRU SRSXODWLRQV ZLWK FRPPXQLFDWLRQ
GLVRUGHUV KHDULQJ DQG PRWRU LPSDLUPHQWV WUDXPDWLF
EUDLQ LQMXULHV DWWHQWLRQDO SUREOHPV DQG OHDUQLQJ
GLVDELOLWLHV7VDWVDQLVHWDO1LQHVXEWHVWVZHUH
XVHG LQ WKH SUHVHQW VWXG\ )LJXUH *URXQG )RUP
&RPSOHWLRQ &ODVVLILFDWLRQ$QDORJLHV 6HTXHQWLDO
2UGHU 9LVXDO 3DWWHUQV )RUZDUG 0HPRU\ $WWHQWLRQ
6XVWDLQHG5HYHUVH0HPRU\DQG1RQYHUEDO6WURRS 
'HOLV-.DSODQ ([HFXWLI )XQFWLRQ 6\VWHP '-
.()6 7KH '-.()6 'HOLV .DSODQ 	 .UDPHU
 LV D EDWWHU\ RI WHVWVXVHG WR HYDOXDWH H[HFXWLYH
IXQFWLRQV VXFK DV UHDFWLRQ WLPH SODQQLQJ RI
RFXORPRWRU DFWLRQV VHOHFWLYH DWWHQWLRQ FRJQLWLYH
IOH[LELOLW\ DQG LQKLELWLRQ DELOLWLHV 0DWWLROL HW DO
,QWKLVVWXG\WKUHHVXEWHVWVZHUHDGPLQLVWHUHG
WKH7UDLO0DNLQJ 7HVW 707 WKH7RZHU RI /RQGRQ
7HVW 7/7 DQG WKH &RORU-:RUG ,QWHUIHUHQFH 7HVW
&:,7 
3UD[LV 7HVW RI -DVRQ %URZQ 37-% 7KLV WHVW
HYDOXDWHV SUD[LV WKURXJK IRXU SDUWV LQWUDQVLWLYH
JHVWXUHVWUDQVLWLYHJHVWXUHVZKROHERG\JHVWXUHVDQG
ELPDQXDOFRRUGLQDWLRQ,WLQFOXGHVDOLVWRIDFWLRQVWKH
SDUWLFLSDQWV PXVW H[HFXWH HJ EUXVKLQJ WKHLU KDLU
FXWWLQJ SDSHU 2EVHUYDWLRQV DV ZHOO DV FOLQLFDO




3DUWLFLSDQWV         
*HQGHU 0DOH )HPDOH 0DOH )HPDOH )HPDOH 0DOH )HPDOH 0DOH 
$JH\HDUV         
(GXFDWLRQ
\HDUV 
 -  -     
0DULWDO 
VWDWXV 
6LQJOH 6LQJOH 6LQJOH &RPPRQ-
ODZUHOD
WLRQVKLS 








$WKRPH $WKRPH $WKRPH $WKRPH 
7\SHRI
KRXVH 



































































0RWRU-)UHH 9LVXDO 3HUFHSWLRQ 7HVW–7KLUG
HGLWLRQ 0937- 7KH 0937- &RODUXVVR 	
+DPPLOO  DVVHVVHV DQ LQGLYLGXDO¶V YLVXDO
SHUFHSWXDO DELOLW\ ZLWKRXW LQYROYLQJ PRWRU UHVSRQVH
9LVXDOSHUFHSWXDOWDVNVLQFOXGHGLQWKLVWHVWDUHVSDWLDO
UHODWLRQV YLVXDO GLVFULPLQDWLRQ ILJXUH-JURXQG YLVXDO
FORVXUHDQGYLVXDOPHPRU\7KHWHVWSURYLGHVDVLQJOH
VFRUH UHSUHVHQWLQJ JHQHUDO YLVXDO SHUFHSWXDO DELOLWLHV
&RODUXVVR	+DPPLOO 
5H\ 7DQJOHG /LQHV 7HVW 57/7 'HVLJQHG E\
$QGUp 5H\ LQ  WKLV WHVW PHDVXUHV RFXORPRWRU
DELOLW\ 5HVSRQGHQWV DUH UHTXLUHG WR YLVXDOO\ WUDFN D
OLQH IURPRQH VLGH RI WKHSDJH WR WKH RWKHU7KH OLQH
FRXUVHV IROORZLQJ D UDQGRP WUDMHFWRU\ DJDLQVW D ILHOG
RIRWKHU OLQHV VRPHRIZKLFKFRQVWLWXWH IXUWKHU WULDOV
RIWKHWHVW6HQLRU.HOO\	6DO]PDQ 
5DYHQ
V 6WDQGDUG 3URJUHVVLYH 0DWULFHV
5630 7KH DLP RI 5630 WHVW 5DYHQ 5DYHQ 	
&RXUW  LV WR DVVHVV YLVXDO UHDVRQLQJ 7DVNV
RUGHUHG E\ LQFUHDVLQJ GLIILFXOW\ DUH FRPSOHWHG XVLQJ
ORJLFDO UHDVRQLQJ ZKLFK HYDOXDWHV IOXLG LQWHOOLJHQFH
9HUJXWV 'H %RHFN 	 0DULV  7KH LWHPV
UHTXLUH SDUWLFLSDQWV WR DQDO\]H JUDSKLF HOHPHQWV LQ D
PDWUL[ LQ RUGHU WR VHOHFW WKH FRUUHFW VROXWLRQ RXW RI
HLJKW DOWHUQDWLYH UHVSRQVHV /RHVFKH :LOH\ 	
+DVVHOKRUQ 
&RQQHUV¶ &RQWLQXRXV 3HUIRUPDQFH 7HVW ,,
&37-,, 7KH &37-,, &RQQHUV  LV D
FRPSXWHUL]HG WHVW PHDVXULQJ VXVWDLQHG DWWHQWLRQ
UHDFWLRQ WLPH DQG PRWRU LPSXOVLYLW\ /DQJH HW DO




+927 +RRSHU  LV D EULHI VFUHHQLQJ WRRO
PHDVXULQJ WKH DELOLW\ WRRUJDQL]HYLVXDO VWLPXOL7KLV
WHVWLVDOVRXVHGWRDVVHVVEUDLQG\VIXQFWLRQ,WFRQVLVWV
LQ D QXPEHU RI FXW XS SLFWXUHV RI DQ REMHFW WKDW WKH
SDUWLFLSDQWPXVWPHQWDOO\UHDUUDQJHLQRUGHUWRQDPHLW
SUHFLVHO\/RSH]/D]DU	2K 
%HQWRQ )DFLDO 5HFRJQLWLRQ 7HVW %)57 7KH
%)57 %HQWRQ 6LYDQ +DPVKHU 9DUQH\ 	 6SUHHQ
 DVVHVVHV IDFLDO UHFRJQLWLRQ VNLOOV XVLQJ EODFN
DQG ZKLWH SKRWRJUDSKV ,Q WKH ILUVW SDUW RI WKH WHVW
SDUWLFLSDQWV PXVW LGHQWLI\ D WDUJHW IDFH RXW RI VL[
RSWLRQV ,Q WKH VHFRQG SDUW RI WKH WHVW SDUWLFLSDQWV
KDYH WR LGHQWLI\ WKUHH RXW RI VL[ SKRWRJUDSKV
FRUUHVSRQGLQJ WR WKH WDUJHW IDFH 6FKUHWOHQ 3HDUOVRQ
$QWKRQ\	<DWHV 
:LVFRQVLQ &DUG 6RUWLQJ 7HVW :&67 7KH
:&67 +HDWRQ &KHOXQH 7DOOH\ .D\ 	 &XUWLVV
 ZDV GHYHORSHG DV D PHDVXUH RI H[HFXWLYH
IXQFWLRQVSHFLILFDOO\FRQFHSWXDOGHGXFWLRQDELOLWLHV,W





H[DPLQHU ZKR FDQ RQO\ WHOO WKH SDUWLFLSDQW LI WKH
PDWFK LVJRRGRUQRW7KHUHVSRQGHQW¶VDELOLW\ WRXVH
HQYLURQPHQWDO IHHGEDFN DQG FRJQLWLYH IOH[LELOLW\ DUH
HVVHQWLDOWRDFKLHYHWKHWDVN+HDWRQ 
&RQWLQXRXV 9LVXDO0HPRU\ 7HVW &9077KH
&907/DUUDEHH7UDKDQ	&XUWLVVPHDVXUHV
WKH DELOLW\ WR OHDUQ DQG UHPHPEHU YLVXDOO\ SUHVHQWHG
LQIRUPDWLRQZLWKRXWWKHXVHRIPRWRUVNLOOV7KHWHVWLV
D UHFRJQLWLRQ WDVN WKDWZDV GHYHORSHG LQ UHVSRQVH WR
WKHGLIILFXOWLHVWKDWKDYHEHHQLGHQWLILHGZLWKPDQ\RI
WKH WUDGLWLRQDO YLVXDO PHPRU\ PHDVXUHV 6WURQJ 	
'RQGHUV 
7KH 6\PSWRP &KHFNOLVW--5 6&/--57KH
6&/--5 'HURJDWLV  LV D VFUHHQLQJ WRRO XVHG
WR GHWHFW VHOI-UHSRUWHG SV\FKRORJLFDO GLVWUHVV DQG





































 7KH WHVW FRQVLVWV RI WKUHH JOREDO LQGLFHV DQG
QLQHVXEVFDOHVFRYHULQJFOLQLFDOO\UHOHYDQWSV\FKLDWULF
DQG SV\FKRVRPDWLF V\PSWRPV 'HURJDWLV 	
0HOLVDUDWRV $PRQJ RWKHU WKLQJV WKH 6&/-
DVVHVVHV REVHVVLYH-FRPSXOVLYH GLVRUGHU DQ[LHW\
GHSUHVVLRQSDUDQRLGLGHDWLRQDQGSKRELFDQ[LHW\ 










7KH H[DPLQHU VFRUHG DSSOLFDELOLW\ ZLWK WKH
PHDVXUHPHQW WRRO-VFRULQJ VKHHW FI $SSHQGL[ $
ZKLOH UHYLHZLQJ YLGHR RI WKH WHVWLQJ VHVVLRQV 7KH
VFRULQJ VKHHW FRQVLVWV RI D WKUHH-OHYHO UDWLQJ VFDOH$
IRU H[FHOOHQW % IRU DFFHSWDEOH RU& IRU UHFRQVLGHU
ZKLFK DOORZV WKH WHVW DGPLQLVWUDWRU WR DVVLJQ D VFRUH
IRUHDFKRIWKHVXE-FULWHULDRIWKHIRXUDSSOLFDELOLW\
FULWHULDGHVFULEHGHDUOLHUUHVSRQGHQWEXUGHQH[DPLQHU
EXUGHQ VFRUH GLVWULEXWLRQ DQG IRUPDW FRPSDWLELOLW\
$Q$PHDQVWKDWWKHWRROIXOO\PHHWVWKHDSSOLFDELOLW\
FULWHULRQ ZKLOH D & PHDQV IDLOXUH WR PHHW WKH
UHTXLUHPHQWV :KHQ VRPH GLIILFXOWLHV DUH REVHUYHG
DQG VRPH DGDSWDWLRQV PD\ EH UHFRPPHQGHG WR
LPSURYH PHDVXUHPHQW WRRO DSSOLFDELOLW\ DQ
DFFHSWDEOH VFRUH LH % LV DWWULEXWHG $QGUHVHQ
 $XJHU HW DO  7KH VFRULQJ VKHHW ZDV D
)UHQFKWUDQVODWLRQFI$SSHQGL[$RIWKHRULJLQDORQH
SURSRVHG E\ $XJHU HW DO  FI $SSHQGL[ %
6SHFLILFLQGLFDWLRQVIRUVFRULQJDUHGHVFULEHGIRUHDFK
VXE-FULWHULRQ RI WKH PDLQ DSSOLFDELOLW\ FULWHULRQ WR
VXSSRUW WKHH[DPLQHU)RU WKH LQGLYLGXDO WHVWV WKH
H[DPLQHU DWWULEXWHG RQH VFRUH IRU HDFK RI WKH 
DSSOLFDELOLW\VXE-FULWHULD7KHVXE-WHVWVLQFOXGHGLQ
WKH  EDWWHULHV ZHUH DVVHVVHG IROORZLQJ WKH VDPH
PHWKRG +RZHYHU WR VLPSOLI\ SUHVHQWDWLRQ RI WKH
UHVXOWV DQG PDNH WKHP PRUH RSHUDWLRQDO RQO\ RQH
VFRUHSHU VXE-FULWHULRQSHUEDWWHU\ WKHPRVW IUHTXHQW




)LQDO UHFRPPHQGDWLRQV IURP WHVWV DSSOLFDELOLW\
DVVHVVPHQW ZHUH IRUPXODWHG DFFRUGLQJ WR WKH
IROORZLQJSURFHGXUHV)LUVWHDFKWHVWZDVLQGLYLGXDOO\
DQDO\VHG WRYHULI\ VFRUHV $%RU& DVVLJQHG WR WKH






JHQHUDO DSSOLFDELOLW\ WHVWV ZHUH UHFRPPHQGHG 
ZKHQLGHQWLILHGOLPLWVKDGDSRWHQWLDOQHJDWLYHLPSDFW
RQ JHQHUDO DSSOLFDELOLW\ EXW FRXOG HDVLO\ EH
PLQLPL]HG RU FRPSHQVDWHG HJ HTXLYDOHQW WHVW
DGDSWDWLRQVWHVWVZHUHUHFRPPHQGHGZLWKFDXWLRQ
WHVWV ZLWK VHULRXV DSSOLFDELOLW\ OLPLWV LPSDFWV RQ
LQWHUSUHWDWLRQ VFRULQJ DFFHSWDELOLW\ RU RWKHU










GHVFULSWLRQ RI WKH SV\FKRPHWULF EDWWHU\ LV SURYLGHG
DFFRUGLQJ WR WKH IRXU PDLQ DSSOLFDELOLW\ FULWHULD




RI WKH WHVWV DUH UDWHG $ IRU VXE-FULWHULD RI WKH
UHVSRQGHQWEXUGHQFULWHULRQ)RUWKHPDMRULW\RIWHVWV
WKH VXE-FULWHULD LQYDVLYHQHVV DQG VHFXULW\ RI WKH WHVWV
ZHUHUDWHG$7KH37-%ZDVUHVSHFWLYHO\UDWHG&DQG
% IRUWKHVHDVSHFWVFRQVLGHULQJPRWRUGLVDELOLWLHVDQG
SK\VLFDO UHTXLUHPHQWV RI WKH WHVW 0RYHPHQWV





([DPLQHU EXUGHQ 2YHUDOO  RI WKH WHVWV
UHFHLYH $ DPRQJ WKH  VXE-FULWHULD IRU WKLV
DSSOLFDELOLW\ FULWHULRQ FI )LJXUH  4XDOLW\ RI
LQVWUXFWLRQV LV H[FHOOHQW IRU DOO WHVWV &RPSOH[LW\ RI
WUDLQLQJ  DV ZHOO DV DGPLQLVWUDWLRQ VFRULQJ
DQG LQWHUSUHWDWLRQ EXUGHQ  LV DOVR H[FHOOHQW
IRUPRVWRIWKHWHVWV+RZHYHU/HLWHU-UHFHLYHV&RQ
WKHVH DVSHFWV GXH WR VLJQLILFDQW GLIILFXOWLHV LGHQWLILHG
E\WKHH[DPLQHULQWKHDVVLPLODWLRQRIWKHLQVWUXPHQW¶V
IXQFWLRQLQJ 7KH:&67 LV UDWHG% RQ FRPSOH[LW\ RI
DGPLQLVWUDWLRQVFRULQJDQGLQWHUSUHWDWLRQFRQVLGHULQJ
WKH VFRULQJ V\VWHP¶V VRSKLVWLFDWLRQ 5HJDUGLQJ
DYDLODELOLW\ 57/7 DQG 37-% DUH UDWHG H[FHOOHQW
2WKHUZLVH DYDLODELOLW\ LV FRQVLGHUHG DFFHSWDEOH LH




XQGHU  PLQXWHV ZKLFK FRUUHVSRQGV WR $ LQ WKH
UDWLQJ VFDOH ZLWK RQO\  RI WKH WHVWV 37-%
0937- DV ZHOO DV :$,6-,9 1$% DQG '-.()6
VXEWHVWV WDNHQ LQGLYLGXDOO\7RILQLVKRIWKH
WHVWV DUH UDWHG% RQ WKLVPDWWHUZKLOVW WKH UHPDLQLQJ





FOHDUO\ UHSUHVHQWHG DQ DUUD\ RI EHKDYLRXUV WKDW LV
VLJQLILFDQW FOLQLFDO GLIIHUHQFHV FRXOG HDVLO\ EH VHHQ
EHWZHHQ SDUWLFLSDQWV DQ $ ZDV DWWULEXWHG :KHQ
VRPH GLIIHUHQFHV FRXOG EH REVHUYHGZLWK DPRGHUDWH
FHLOLQJ RU IORRU HIIHFW WKH H[DPLQHU DWWULEXWHG %
ZKHUHDV WKH DEVHQFH RI GLIIHUHQFHVZDV VFRUHG& ,Q
WKH SUHVHQW FDVH RI WKH WHVWV DUH UDWHG$ FI
)LJXUH2QO\WZRWHVWVJHW%/HLWHU-DQG:&67
ZKLOH GDWD LV LQFRPSDWLEOHZLWK WKLV W\SH RI DQDO\VLV
IRUWKH37-% 
)RUPDW FRPSDWLELOLW\ 7HVWV DUH UDWHG $ RQ
 RI WKH  VXE-FULWHULD RQ WKH IRUPDW
FRPSDWLELOLW\ DSSOLFDELOLW\ FULWHULRQ FI )LJXUH 
$GDSWDWLRQWRDJHJHQGHUDQGFXOWXUHLVH[FHOOHQWIRU
DOO WHVWV +RZHYHU QRQH RI WKHVH SURYLGH DOWHUQDWLYH
IRUPDWV HJ ODQJXDJH DVVLVWDQFH DQVZHU FDUGV
ZKLFKLVZK\WKH\DOOREWDLQ&RQWKLVPDWWHU)RUPDW
DGDSWDELOLW\ LV UDWHG $ IRU PRVW WHVWV UHVSRQGHQWV
EHLQJ DEOH WR IROORZ RULJLQDO LQVWUXFWLRQV ZLWKRXW
DGDSWDWLRQV H[FHSW IRU /HLWHU- ZKHUH VRPH RI WKHP
QHHGHGIXUWKHUH[SODQDWLRQV3K\VLFDOUHTXLUHPHQWVDUH
JHQHUDOO\ VOLJKW 2EYLRXVO\ 37-% QHFHVVLWDWHV
H[FHVVLYH SK\VLFDO LQYROYHPHQW GXH WR PRWRU
GLVDELOLWLHV DQG LV WKXV UDWHG & 2QO\ IRXU 
WHVWV+927%)5737-%DQG1$%DUHFRQVLGHUHG
DGDSWHG WR OHYHO RI HGXFDWLRQ LQ WHUPV RI FRJQLWLYH
UHTXLUHPHQWV 6HYHQ  WHVWV DUH UDWHG %
DGPLQLVWUDWLRQ PDQXDOV SURYLGLQJ QR VSHFLILFDWLRQ LQ












WKH  DSSOLFDELOLW\ VXE-FULWHULD*UDGHV FRXOG QRW EH
DVVLJQHG LQ  RI FDVHV GXH WR YDULRXV UHDVRQV
HJYLGHRUHFRUGLQJ¶VXQDYDLODELOLW\LQIRUPDWLRQQRW
DYDLODEOH LQ WHVW¶V DGPLQLVWUDWLRQ PDQXDOV 7HVWV¶
DSSOLFDELOLW\ LV SUHVHQWHG LQ WKUHH SDUWV DFFRUGLQJ WR
WKH GLVWULEXWLRQ IRU HDFK WHVW FI 7DEOH  IRU
GLVWULEXWLRQRIVFRUHVIRUHDFKWHVWWDNHQLQGLYLGXDOO\ 
7DNHQ LQGLYLGXDOO\ +927 %)57 '-.()6 DQG
1$% HDFK JHW RI$¶V DQG RI%¶V RQ
DSSOLFDELOLW\VXE-FULWHULD 
(LJKW WHVWVREWDLQEHWZHHQDQGRI
$¶V RQ DSSOLFDELOLW\ VXE-FULWHULD 5630 &37-,,




)LQDOO\ WKUHH WHVWV LQGLYLGXDOO\ JHW EHWZHHQ








7KH REMHFWLYH RI WKLV VWXG\ ZDV WR DVVHVV WKH
DSSOLFDELOLW\RIDSV\FKRPHWULFEDWWHU\IRULQGLYLGXDOV
ZLWK $56$&6 ,Q WKH SUHVHQW VWXG\ DOO ILIWHHQ WHVWV
DUH UDWHG ZLWK D PDMRULW\ RYHU  RI H[FHOOHQW
VFRUHV IRU DSSOLFDELOLW\ VXE-FULWHULD7KHVH UHVXOWV DUH
HQFRXUDJLQJ VRPH WHVWVKDYLQJ IHZRUQR VLJQLILFDQW
DSSOLFDELOLW\ OLPLWV LQ LQGLYLGXDOV ZLWK $56$&6
+RZHYHURWKHUWHVWVSUHVHQWFKDOOHQJHVLQWKLVUHJDUG
,Q DGGLWLRQ WR JLYLQJ D GHVFULSWLRQ RI WKHVH WHVWV
UHJDUGLQJ WKHLU DSSOLFDELOLW\ WKH SUHVHQW DQDO\VLV
SURYLGHV VSHFLILF UHFRPPHQGDWLRQV FRQFHUQLQJ
ZKHWKHUWKH\VKRXOGEHXVHGRUQRWLQWKHIXWXUHZLWK
WKLV SRSXODWLRQ ,QIOXHQFH RI VSDVWLFLW\ XSSHU OLPEV
LQFRRUGLQDWLRQ DQG G\VDUWKULDZHUH QRWHG DV OLPLWLQJ
IDFWRUV LQ WKH VHOHFWLRQ RI QHXURSV\FKRORJLFDO DQG
SV\FKRORJLFDOWHVWVLQ$56$&6%RLYLQ-0HUFLHUQG
%RXFKDUG HW DO%RXFKHU 'UROHW 
7KH QHHG WR VHOHFW DSSURSULDWH RXWFRPH PHDVXUHV LV
GLUHFWO\ UHODWHG WR RQJRLQJ LQWHUQDWLRQDO HIIRUWV WR
GRFXPHQWGLVHDVHHYROXWLRQDQGHYHQWXDOFOLQLFDO WULDO
HIIHFWLYHQHVV DFFRUGLQJ WR WKH 86 )RRG DQG 'UXJ




$V H[SHFWHG DGPLQLVWUDWLRQ WLPH D VXE-FULWHULRQ
LPSO\LQJERWKUHVSRQGHQW¶VDQGH[DPLQHU¶VEXUGHQLV
DQLVVXHIRUDQXPEHURIWHVWV,QGHHG5630/HLWHU-
¶V VXEWHVWV &907 :&67 1(2-)), DQG &37-,,
DUHFRQVLGHUHGUHODWLYHO\ORQJWRPLQXWHV2QH
VKRXOG QRWH WKDW SV\FKRPHWULF WHVWV SDUWLFXODUO\
QHXURSV\FKRORJLFDO DQG SHUVRQDOLW\ WHVWV DUH NQRZQ
WRKDYHDVRPHKRZORQJDGPLQLVWUDWLRQWLPH6WUDXVV
6KHUPDQ	6SUHHQ)RUH[DPSOH&37-,, LVD
FRPSXWHUL]HG WHVW HYDOXDWLQJ VXVWDLQHG DWWHQWLRQ
DPRQJ RWKHU WKLQJV 2EYLRXVO\ HYDOXDWLRQ RI WKLV
IXQFWLRQ UHTXLUHV SURORQJHG H[SRVXUH WR VWLPXOL LQ D
SDUWLFXODU VHWWLQJ 6LPLODUO\&907 DLPV WR HYDOXDWH
ORQJ-WHUP YLVXDO PHPRU\ DQG LQFOXGHV D PLQXWHV
GHOD\ GXULQJ ZKLFK RWKHU WHVWV LQYROYLQJ PLQLPDO
YLVXDO UHDVRQLQJ FDQ EH DGPLQLVWHUHG +RZHYHU
DGPLQLVWUDWLRQ WLPH IRU 5630 ZDV RYHU  PLQXWHV
IRUVRPHVXEMHFWVRYHU\HDUVRIDJH7KLVUHSUHVHQWV
DQXQXVXDOO\ORQJDGPLQLVWUDWLRQWLPHIRUWKLVWHVWDQG
WKXV FDOOV LQWR TXHVWLRQ LWV XVH LQ LQGLYLGXDOV ZLWK
$56$&6 0DWUL[ 5HDVRQLQJ :$,6-,9 D VXEWHVW
HYDOXDWLQJ VLPLODU IXQFWLRQV GRHV QRW SUHVHQW WKLV
OLPLWDQGVKRXOGEHSUHIHUUHGLQVLWXDWLRQVZKHUHWLPH
LVDFRQVWUDLQW 
7KH IROORZLQJ FRQVLGHUDWLRQV FRQFHUQLQJ
H[DPLQHU¶V EXUGHQ DUH EDVHG RQ WKH SUHPLVH WKDW
FRQVLGHUDEOH WLPH DQG HIIRUWV DUH UHTXLUHG WR KDUQHVV
7DEOH 
'LVWULEXWLRQRI$SSOLFDELOLW\6FRUHVE\3V\FKRPHWULF7HVW 
7HVWV $ % &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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DGPLQLVWUDWLRQ VFRULQJ DQG LQWHUSUHWDWLRQ SURFHGXUHV
IRUVHYHUDOSV\FKRPHWULFWHVWV,WVKRXOGEHQRWHGWKDW
VKRZLQJ JUHDW NQRZOHGJH RI WKHVH DVSHFWV LV D
IXQGDPHQWDO SUH-UHTXLVLWH IRU DQ\RQH LQWHUHVWHG LQ
WKHLU DGPLQLVWUDWLRQ 7KH JUHDW PDMRULW\ RI WKH WHVWV
XVHGLQWKHSUHVHQWVWXG\LQFOXGHFOHDULQVWUXFWLRQVDQG
KDYH UHODWLYHO\ VLPSOH DGPLQLVWUDWLRQ VFRULQJ DQG
LQWHUSUHWDWLRQ SURFHGXUHV /HLWHU- DQG :&67 SRVH
VSHFLILF FKDOOHQJHV LQ WKLV PDWWHU DQG DUH GLVFXVVHG
EHORZ 2WKHUZLVH PDWHULDO DYDLODELOLW\ LV JHQHUDOO\
TXDOLILHG DV DFFHSWDEOH GXH WR IUHTXHQW H[LVWHQFH RI
FRS\ULJKWDQGUHODWLYHO\KLJKDFTXLVLWLRQFRVWV 
$V VWDWHG DERYH WHVWV UDZ VFRUHV UHVXOWV ZHUH
FRQYHUWHG LQWR ] VFRUHV XVLQJ PRVW DSSURSULDWH
QRUPDWLYH VDPSOH ,Q WKHLU VWXGLHV %RLYLQ-0HUFLHU
QG %RXFKHU  DQG 'HVPHXOHV 
HPSOR\HG FDWHJRULHV EDVHG XSRQ GHYLDWLRQ¶V
PDJQLWXGH DQG FXW-RII XVHG LQ FOLQLFDO VHWWLQJ 7KLV
SURFHGXUHPDNHVLWSRVVLEOHWRFODVVLI\WKHUHVXOWVLQWR
ILYH FDWHJRULHV QRUPDO YXOQHUDELOLW\ PLOG GHILFLW
PRGHUDWH GHILFLW DQG VHYHUH GHILFLW $FFRUGLQJO\
PRVW RI WKH WHVWV XVHG LQ WKLV VWXG\ DOORZHG
GLVFULPLQDWLRQ RI SDWLHQW¶V SHUIRUPDQFH LQ WHUPV RI
IXQFWLRQ¶VSUHVHUYDWLRQRULQIULQJHPHQW 
5HJDUGLQJ IRUPDW FRPSDWLELOLW\ WHVWV XVHG LQ WKLV
VWXG\ DUH FRQVLGHUHG DGDSWHG WR DJH JHQGHU DQG
FXOWXUH +RZHYHU WKHUH LV IHZ SUHVHQW DOWHUQDWLYH
IRUPDWV )RU H[DPSOH 1$% LV DQ LQWHUHVWLQJ EDWWHU\
IRU WKH HYDOXDWLRQ RI FRJQLWLYH IXQFWLRQV EXW QR
YDOLGDWHG )UHQFK WUDQVODWLRQ LV DYDLODEOH QHLWKHU IRU
LQVWUXFWLRQV QRU QRUPDOLVDWLRQ VDPSOHV $OWKRXJK
YHUEDOWHVWVZHUHQRWXVHGLWLVLPSRVVLEOHWRH[FOXGH
ODQJXDJHELDV'HVSLWHJURZLQJGHVLUHWRGHYHORSORFDO
QRUPV DQG ILOO WKDW JDS WKLV LVVXH LV IUHTXHQWO\
HQFRXQWHUHG LQ 4XHEHF FRQVLGHULQJ LWV GLIIHUHQFHV
HJODQJXDJHFXOWXUHZKHQFRPSDUHGWRWKHUHVWRI




DSSOLFDELOLW\ VFRULQJ WDEOH VFRUH DWWULEXWHG IRU WKLV
VXE-FULWHULRQ LV EDVHG RQZKHWKHU RU QRW D JLYHQ WHVW
FRQWDLQV DGDSWDWLRQV DOORZLQJ DGPLQLVWUDWLRQ LQ
VXEMHFWV ZLWK ORZHU HGXFDWLRQ RU FRPPXQLFDWLRQ
OHYHOV 6LQFH QHXURSV\FKRORJLFDO WHVWV RIWHQ DLP WR
HYDOXDWH FRJQLWLYH IXQFWLRQV GLUHFWO\ RU LQGLUHFWO\
FRUUHODWHG ZLWK WKHVH IHDWXUHV DGDSWDWLRQV LQ WKLV
UHJDUGDUHXQFRPPRQ7HVW LWHPVDUHRIWHQSUHVHQWHG
LQ LQFUHDVLQJ RUGHU RI FRPSOH[LW\ D VWUXFWXUH WKDW
SUHFLVHO\ DOORZV WKH GLIIHUHQWLDWLRQ RI SUHVHUYHG DQG
DIIHFWHGIXQFWLRQV,QVWLWXWHRI0HGLFLQH,QWKH
SUHVHQW VWXG\ IRXU WHVWV +927 %)57 37-% DQG
1$%¶V VXEWHVWV SUHVHQW QRUPDWLYH GDWD WDNLQJ LQWR
DFFRXQW HGXFDWLRQ OHYHO DQG DUH FRQVLGHUHG H[FHOOHQW
LQWKLVUHJDUG 
5HFRPPHQGDWLRQV 
7DEOH  SUHVHQWV UHFRPPHQGDWLRQV IURP WKH
SUHVHQWVWXG\UHJDUGLQJDSSOLFDELOLW\HYDOXDWLRQIRUWKH
WHVWVXVHG0RUHGHWDLOVRQWKLVPDWWHUDUHSUHVHQWHG
LQ WKH IROORZLQJ VHFWLRQ ,W VKRXOG EH QRWHG WKDW
FOLQLFLDQV DQG UHVHDUFKHUV PXVW DOZD\V FRQVLGHU
VSHFLILF REMHFWLYHV HJ GLIIHUHQWLDO GLDJQRVLV
H[WHUQDO UHIHUHQFH DQG HQYLURQPHQWDO FRQVWUDLQWV
HJ WLPH DOORZHG VXEMHFW¶V SK\VLFDO VWDWH ZKHQ LW
FRPHVWRFKRRVLQJDSSURSULDWHLQVWUXPHQWV 
*OREDOO\ :$,6-,9 KDV DFFHSWDEOH DSSOLFDELOLW\
ZLWK GLIIHUHQFHV GHSHQGLQJ RQ WKH VXEWHVWV 'LJLW
6SDQ0DWUL[ 5HDVRQLQJ$ULWKPHWLF 9LVXDO 3X]]OHV
)LJXUH :HLJKWV DQG 3LFWXUH &RPSOHWLRQ SUHVHQW QR
VLJQLILFDQW LVVXHV 2Q WKH RWKHU KDQG VXEWHVWV
LQYROYLQJ PRWRU DELOLWLHV %ORFN 'HVLJQ 6\PERO
6HDUFK &RGLQJ DQG &DQFHOODWLRQ VKRXOG EH WUHDWHG
ZLWK JUHDW FDXWLRQ %ORFN 'HVLJQ¶V LWHPV KDYH WLPH
OLPLWV UHVXOWV IURP LQGLYLGXDOV ZLWK $56$&6 PXVW
QRWRQO\EHFRQVLGHUHGLQWHUPVRIILQDOVFRUHEXWDOVR
LQWHUPVRIVXFFHVVRUIDLOXUHUHJDUGOHVVRIFRPSOHWLRQ
























1RWH D'HVSLWH JHQHUDOO\ JRRG DSSOLFDELOLW\ %ORFN 'H
VLJQ 6\PERO 6HDUFK &RGLQJ DQG &DQFHOODWLRQ VXEWHVWV





REVHUYDWLRQV PD\ KHOS UHILQH FRPSUHKHQVLRQ HJ
H[WHQW RI XSSHU OLPEV LQFRRUGLQDWLRQ SUHYHQWV
FRPSOHWLRQ RI WKH WDVN (YDOXDWLRQ RI SHUFHSWXDO
UHDVRQLQJ VKRXOG UHO\ PRUH KHDYLO\ RQ VXEWHVWV OLNH
0DWUL[ 5HDVRQLQJ DQG 9LVXDO 3X]]OHV 6XEWHVWV
PHDVXULQJSURFHVVLQJVSHHG6\PERO6HDUFK&RGLQJ
DQG&DQFHOODWLRQDOVRLPSO\PRWRUDELOLWLHV7KHLUXVH
LQ $56$&6 SUHVHQWV PDMRU OLPLWV WLPH OLPLW DOVR
EHLQJ WKH SULQFLSDO VFRULQJ FULWHULRQ ,Q KHU VWXG\
%RXFKHU  UHSRUWV LQWHUSUHWDWLRQ OLPLWV LQ WHVWV
PHDVXULQJ SURFHVVLQJ VSHHG DV WKH\ LPSO\ PRWRU
DELOLWLHV DQG KDQG-H\H FRRUGLQDWLRQ LQ D WLPH-OLPLWHG
FRQWH[W VXJJHVWLQJ DGGUHVVLQJ WKLV OLPLW ZKHQ
FKRRVLQJ SV\FKRPHWULF WHVWV LQ IXWXUH VWXGLHV ZLWK
$56$&6 SDWLHQWV 'LJLW 6\PERO¶V VXEWHVW IURP
:$,6-5DVD1HXURSV\FKRORJLFDO,QVWUXPHQW:$,6-
5-1, .DSODQ  FRQVWLWXWHV DQ DOWHUQDWLYH
DOORZLQJ WKH HVWDEOLVKPHQW RI D EDVHOLQH IRU GLUHFW
JUDSKLFFRS\VSHHG7KHH[DPLQHUFDQWKHQPRGXODWH
LQWHUSUHWDWLRQRISURFHVVLQJVSHHGUHVXOWVDFFRUGLQJWR
PRWRU GLIILFXOWLHV 'HVSLWH UHODWLYHO\ ORQJ
DGPLQLVWUDWLRQ WLPH &37-,, LV UHFRPPHQGHG
FRQVLGHULQJ VLPSOLFLW\ RI DGPLQLVWUDWLRQ DQG VFRULQJ
JRRGDFFHSWDELOLW\IRUSDWLHQWVDQGFRQWULEXWLRQRIWKH
UHVXOWV IRU FRJQLWLYHSURFHVVHVXQGHUVWDQGLQJ&907
LV DOVR DQ LQWHUHVWLQJ DOWHUQDWLYH WR RWKHU YLVXDO
PHPRU\ WHVWV VXFK DV 5H\ &RPSOH[ )LJXUH 7HVW
ZKLFK VWURQJO\ LQYROYHV PRWRU DELOLWLHV 5HJDUGLQJ
+927%)570937-57/76&/--5DQG1(2
-)),QR VLJQLILFDQWDSSOLFDELOLW\ OLPLWV DUHQRWHGDQG
WKHLU XVH LV WKXV UHFRPPHQGHG ZLWK $56$&6
SRSXODWLRQ 
2WKHU WHVWV SUHVHQW PL[HG UHVXOWV RQ DSSOLFDELOLW\
FULWHULD $V GLVFXVVHG DERYH :&67¶V VFRULQJ DQG
LQWHUSUHWDWLRQ V\VWHP LV TXLWH FRPSOH[ VSHFLILFDOO\
FRQFHUQLQJWKHUDWLQJRISHUVHYHUDWLYHUHVSRQVHV7KLV
VLJQLILFDQWO\ H[WHQGV UHTXLUHG WLPH WR DQDO\VH DQG
LQWHUSUHWWKHUHVXOWVDQGXVHRIWKLVWHVWVKRXOGFRQVLGHU
WKHVH IHDWXUHV )XWXUH H[DPLQHU PLJKW FRQVLGHU WKH
FRPSXWHUL]HG YHUVLRQ RI WKLV WHVW ZKLFK SURYLGHV
DXWRPDWLF VFRULQJ 7KH XVH RI D NH\ERDUG DQG




LQ WHQ WR WZHQW\PLQXWHV DQGDUH HDV\ WRKDUQHVV$V
VWDWHG DERYH LWV SULQFLSDO OLPLW LV WKH DEVHQFH RI
YDOLGDWHG )UHQFK WUDQVODWLRQ ,WV XVH ZLWK $56$&6
LQGLYLGXDOV IURP 4XHEHF SURYLQFH WKXV UHTXLUHV D
JUHDW GHDO RI FDXWLRQ&:,7DQG7/7 IURP'-.()6
EDWWHU\ JHQHUDOO\ SUHVHQW DFFHSWDEOH DSSOLFDELOLW\
,QGHHG WKH IRUPHU LPSOLHV PLQLPDO PRWRU UHVSRQVH
EXW WKH H[DPLQHU VKRXOG FRQVLGHU SRWHQWLDO LQIOXHQFH
RIG\VDUWKULDRQH[HFXWLRQWLPHDQG WDNHDFORVHORRN
RQFRQWUDVWVFRUHVWRSURSHUO\LQWHUSUHWWKHUHVXOWV)RU
LWV SDUW 7/7 UHTXLUHV JUHDW FDXWLRQ GXH WR SRVVLEOH
VORZGRZQUHODWHGWRPRWRUGLIILFXOWLHV&RQVHTXHQWO\
GHILFLWLQUHDOL]DWLRQWLPHGRHVQRWQHFHVVDULO\LPSO\D





:$,6-,9 VKRXOG EH SUHIHUUHG WR5630 FRQVLGHULQJ
H[FHVVLYH DGPLQLVWUDWLRQ WLPH SUREOHPV ZLWK
DFFHSWDELOLW\DQGUHODWLYHO\ROGQRUPDWLYHGDWD37-%
LV WKH RQO\ RWKHU WHVW KDYLQJ DFFHSWDELOLW\ LVVXHV
SK\VLFDOUHTXLUHPHQWVEHLQJWRRKLJKIRUVRPHSDWLHQWV
ZKR FRXOG QRW FRPSOHWH LW 707 IURP '-.()6
EDWWHU\ SUHVHQWV VLPLODU SUREOHPV SDWLHQWV FDQ
FRPSOHWH WKH WDVN EXW FRRUGLQDWLRQ DQG PRWRU
GLIILFXOWLHVDUHWRRJUHDWELDVLQJUHVXOWVLQWHUSUHWDWLRQ
)RU LWVSDUW/HLWHU-ZDVVHOHFWHG WRJDWKHUFRJQLWLYH
IXQFWLRQLQJ GDWD VLQFH WKH H[DPLQHU GRHV QRW XVH
ODQJXDJH WR SURYLGH LQVWUXFWLRQV ZLWK WKH LQLWLDO
REMHFWLYH WR PLQLPL]H SRWHQWLDO ELDV UHODWHG WR
G\VDUWKULD DQG HGXFDWLRQ OHYHO +RZHYHU LQ DGGLWLRQ
WR KDYLQJ FRQVLGHUDEOH DGPLQLVWUDWLRQ WLPH DQG WR EH
GLIILFXOW WR KDUQHVV FHUWDLQ SDWLHQWV FRXOG KDUGO\
XQGHUVWDQG LQVWUXFWLRQV SUHVHQWHG DV JHVWXUHV
7KHUHIRUH WKH XVH RI WKHVH IRXU WHVWV LV QRW
UHFRPPHQGHGLQLQGLYLGXDOVZLWK$56$&6 
7KHVH UHVXOWV VKRXOG EH LQWHUSUHWHG ZLWK FDXWLRQ
FRQVLGHULQJ VRPH OLPLWDWLRQV )LUVW DSSOLFDELOLW\
FULWHULD¶VVFRULQJZDVFRPSOHWHGE\WKHH[DPLQHURQO\
,Q IXWXUH VWXGLHV WKH XVH RI DQ LQWHU-MXGJH UDWLQJ
V\VWHPIRUWKHPHDVXUHPHQWWRRO-VFRULQJVKHHWVKRXOG
EHFRQVLGHUHGLQRUGHUWRLQFUHDVHDSSOLFDELOLW\VFRUH¶V
REMHFWLYLW\ DQG WKHUHIRUH YDOLGLW\ +RJDQ  $
VHFRQG OLPLWDWLRQ LV UHODWHG WR WKH FULWHULD VFRULQJ
FRQWH[W $V VWDWHG DERYH WKH PHDVXUHPHQW WRRO-
VFRULQJ VKHHW ZDV VFRUHG E\ WKH H[DPLQHU ZKLOH
UHYLHZLQJ YLGHR RI WKH WHVWLQJ VHVVLRQ $ VFRULQJ LQ
UHDO WLPHGXULQJ WKH WHVWLQJ VHVVLRQVPD\KDYH OHG WR
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